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SPECMCATIQN 

ELECTRICAL CONNECTOR ASSEMBLY 
FOR FLAT FLEXIBLE CIRCUITRY 


Field of the Invention 

This invention generally relates to the art of electrical connectors and, 
particularly, to connectors for electrically interconnecting flat flexible circuitry. 

Background of the Invention 

A flat flexible circuit conventionally includes an elongated flat flexible 
dielectric substrate having laterally spaced strips or conductors on one or both sides thereof. 
The conductors may be covered with a thin, flexible protective layer on one or both sides of 
the circuit. If protective layers are used, cutouts are formed therein to expose the underlying 
conductors at desired contact locations where the conductors are to engage the conductors 
of a complementary mating connecting device which may be a second flat flexible circuit, 
a printed circuit board, discrete electrical wires or the terminals of a mating connector. 

A wide variety of connectors have been designed over the years for 
terminating or interconnecting flat flexible circuits with complementary mating connecting 
devices. Major problems continued to plague such connectors, particularly in the area of 
cost and reliability. Not only is the direct material costs of such connectors unduly high, but 
an undue amount of labor time is required in assembling such connectors. These problems 
have been solved by providing simple, inexpensive and reliable connector structures which 
do not use conductive terminals, such as those shown in U.S. Patent Nos. 6,039,600 and 
6,077,124 which are assigned to the assignee of the present invention. 

The connector structures shown in the above-identified patents and other 
prior art use various forms of body members about which a flat flexible circuit is wrapped, 
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with the conductors of the circuit facing away from the body member. Typically, the body 
member is generally flat or planar, and the conductors of the flat flexible circuit are biased 
into engagement with mating conductors in a direction generally perpendicular to the plane 
of the body member. This type of system requires structure which increases the thickness 
of the body member in order to resist deflection of normal load to effect the perpendicular 
connection. There is a need for such connectors for flat flexible circuitry which are 
relatively thin or provide a low profile, and the present invention is directed to satisfying that 
need and solving the problem of excessive thickness in connectors for flat flexible circuitry. 


Summary of the Invention 
10 An object, therefore, of the invention is to provide a new and improved 

connector assembly for flat flexible circuitry. 

In the exemplary embodiment of the invention, the connector assembly is 
N provided for interconnecting first conductors of a flat flexible circuit to a plurahty of second 

I y 

conductors without the use of conductive terminals. The assembly includes a male 
; J 15 connector having a relatively rigid male body member with an edge about which the flexible 
□ circuit is wrapped, with the first conductors of the circuit facing away from the body 

member at the edge. A female connecting device includes a receptacle for receiving the 
male connector inserted into the receptacle. Means are provided on the device for 
positioning the second conductors in engagement with the first conductors of the flexible 
20 circuit at the edge of the male body member. 

According to one aspect of the invention, the female connecting device 
comprises an adapter including the receptacle for receiving the male connector inserted 
edge-first into the receptacle. The adapter includes a second receptacle for receiving the 
second conductors in position for engaging the first conductors of the flexible circuit at the 
25 edge of the male body member. 
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According to another aspect of the invention, the male body member includes 
a forward part having the edge about which the flexible circuit is wrapped, and a rearward 
part latched to the adapter. A spring is disposed between the forward and rearward parts to 
bias the forward part and, thereby, the first conductors of the flexible circuit against the 
5 second conductors. 

As disclosed herein, a relatively yieldable backing structure is provided on 
the male body member at the edge thereof beneath the flexible circuit for resiliently biasing 
the first conductors of the circuit against the second conductors. The male body member is 
elongated and the yieldable backing structure comprises a longitudinal resilient strip along 
10 the edge of the body member. Positioning means also are provided on the male body 
member for locating the flexible circuit wrapped about the edge of the body member. In the 

iU 

1^ preferred embodiment, the positioning means comprises an adhesive between the body 

• ?= 

member and the flexible circuit adhering the flexible circuit thereto. 
\^ The invention also contemplates a combination which includes a printed 

j T 15 circuit board inserted into the second receptacle of the adapter, with the printed circuit board 

having the second conductors engageable with the first conductors of the flexible circuit. 

] ; 

Q Another contemplated combination includes the provision of a second flat flexible circuit 

inserted into the second receptacle of the adapter. The second flexible circuit has the second 
conductors engageable with the first conductors. A further combination contemplated by the 
20 invention includes a plurality of discrete electrical wires inserted into the second receptacle 
of the adapter. The discrete electrical wires have the second conductors engageable with the 
first conductors of the flexible circuit. 

Other objects, features and advantages of the invention will be apparent from 
the following detailed description taken in connection with the accompanying drawings. 
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Brief Description of the Drawings 

The features of this invention which are believed to be novel are set forth 
with particularity in the appended claims. The invention, together with its objects and the 
advantages thereof, may be best understood by reference to the following description taken 
in conjunction with the accompanying drawings, in which like reference numerals identify 
like elements in the figures and in which: 

FIGURE 1 is an exploded perspective view of a first embodiment of a 
connector assembly according to the invention, for interconnecting a pair of flat flexible 
circuits; 

10 FIGURE 2 is an exploded perspective view similar to that of Figure 1, with 

the assembly partially assembled; 
5 FIGURE 3 is a perspective view of the embodiment of Figures 1 and 2, in 

=n assembled mated condition; 

FIGURE 4 is an exploded perspective view of a second embodiment of a 
^ 15 connector assembly incorporating the concepts of the invention, again for interconnecting 

; a pair of flat flexible circuits; 

□ 

3 FIGURE 5 is a perspective view of the embodiment of Figure 4, assembled 

but in unmated condition; 

FIGURE 6 is an exploded perspective view of a third embodiment of a 
20 connector assembly incorporating the concepts of the invention for interconnecting a flat 
flexible circuit with a printed circuit board; 

FIGURE 7 is a perspective view of the embodiment of Figure 6, in assembled 
but unmated condition; 

FIGURE 8 is a view similar to that of Figure 7, with the assembly fully 

25 mated; 
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FIGURE 9 is an exploded perspective view of a fourth embodiment of a 
Gonnector assembly incorporating the concepts of the invention, for interconnecting a flat 
flexible circuit with a plurality of discrete electrical wires; and 

FIGURE 10 is a perspective view of the embodiment of Figure 9, in fully 
5 assembled and mated condition. 
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Detailed Description of the Preferred Embodiments 

Referring to the drawings in greater detail, and first to Figures 1-3, a first 
embodiment of a connector assembly, generally designated 12, is designed for removably 
interconnecting a plurality of first conductors 14 of a first flat flexible circuit 16 to a 
5 plurality of second conductors 18 of a second flat flexible circuit 20 without the use of 
conductive terminals. First flexible circuit 16 is wrapped about an edge 22 of a first, 
relatively rigid male body member 24, with first conductors 14 of the circuit facing away 
from the body member at the edge. Male body member 24 is a thin, flat or generally planar 
structure. Edge 22 is elongated, and a yieldable backing structure in the form of a 

10 longitudinal resilient strip 26 is adhered to the body member along the edge, Male body 
member 24 may be molded of dielectric material such as plastic or the like, and a pair of 
flexible latch arms 28 are cantilevered along opposite sides of the body member. Each latch 
arm has an outwardly directed latch hook 28a. 

Second flat flexible' circuit 20 is wrapped about an edge 30 of a second male 

15 body member 32, with second conductors 18 of the circuit facing away from the body 
member at edge 30. The second male body member is flat or generally planar, of dielectric 
material and includes a pair of outwardly projecting latch bosses 34. 

First flexible circuit 16 about first male body member 24 is interconnected 
with second flexible circuit 20 about second male body member 32 within a female 

20 connecting device in the form of an adapter, generally designated 36. As can be seen, the 
adapter is generally flat or planar. The adapter includes a front flange 38 and a generally 
hollow body 40. The body includes a pair of side windows 42, a narrow top window or slit 
44 and a larger rear window 46. For purposes described hereinafter, an undulated spring 48 
is provided for biasing second male body member 32 and second flexible circuit 20 toward 

25 first male body member 24 and first flexible circuit 16. A cover plate 50 is provided for 
covering the spring. A second or bottom cover plate (not shown) may be provided at the 
bottom of the housing. 
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C^Y) pWre 2 shows first flat flexible circuit 16 wrapped around edge 26 of first 

male body memb^24, with first conductors 14 of the circuit facing away from the first body 
member at the edgA The circuit is wrapped around resilient strip 26 which is effective to 
bias first conductors M toward second conductors 1 8 of second flexible circuit 20. Flexible 
circuit 16 is held andVlocated in wrapped condition about male body member 24 by a 
positioning means in thaform of an adhesive applied to opposite faces of the body member 
in areas appropriate for a^erence to the flexible circuit. It is contemplated by the invention 
that the adhesive could bempplied alternatively to the flexible circuit, the result being that 
the adhesive joins the body member and the flex circuit. By using the adhesive, the overall 
envelope of the body membe^ can be maintained to be very thin. 
^0\? subassembly of first male body member 24 and first flexible circuit 16 

is inserted into a fn^t receptacle 48 in adapter 36 in the direction of arrow "A" (Fig. 2). As 
the subassembly is inserted, chamfered edges 28b of flexible latch arms 28 engage the sides 
of the receptacle to bias^he latch arms inwardly in the direction of arrows "B". When the 
subassembly is fully inserted as shown in Figure 3, latch hooks 28a resiliently snap back 
outwardly through side wincbws 42 into engagement with the back side of front flange 38. 

The subassembly of second male body member 32 and second flexible circuit 
20 is inserted in the direction of arrow "C" into a second receptacle 52 beneath window 46 
of adapter 36. Latch bosses 34 interengage with interior latches (not visible in the drawings) 
within the adapter. Second flexible circuit 20 is positioned and located about edge 30 of 
second male body member 32 by a positioning means provided by an adhesive as described 
above in relation to first male body member 24 and first flexible circuit 16. After the 
subassembly of second male body member 32 and second flexible circuit 20 is inserted into 
adapter 36 as seen in Figure 2, undulated spring 48 is positioned through window 46 onto 
the top of the circuit. The spring is sandwiched between a rear edge 32a of second male 
body member 32 and a rear edge 46a of window 46 to bias the body member and conductors 
18 of second flexible circuit 20 forwardly in the direction of arrow "C". The combination 
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of spring 48 behind second male body member 32 and resilient strip 26 on edge 22 of first 

male body member 24 is effective to provide a positive interface 53 (Fig. 3) between 

conductors 14 of first flexible circuit 16 and conductors 18 of second flexible circuit 20. 

Finally, cover plate 50 is positioned on top of adapter 36 to close window 46 and capture 
5 spring 48 therewithin as seen in Figure 3. Appropriate fasteners (not shown) are inserted 

through holes 50a in the cover plate and into holes 54 in the adapter. 

From the foregoing, it can be understood that conductors 14 and 18 of flat 

flexible circuits 16 and 20, respectively, are electrically connected at interface 53 in 
;^ directions "A" and "C" which are generally parallel to flat male body members 24 and 32. 

4 10 This interengagement is generally parallel to the orientations of the flat flexible circuits 

within the assembly, except where the circuits are wrapped around the mating edges of the 

m 

:^ male body members. This is in contrast to connecting the conductors of the flat flexible 

circuits in directions generally perpendicular to the circuits, as is prevalent in the prior art. 

k The result is that a much thinner, low profile assembly is provided. In addition, by using 

111 

\2 15 adhesives to position and locate the flat flexible circuits on the male body members, a 
significantly thinner assembly is afforded and allows the entire flex circuit width to be used 
i3 for active conductors because there is no need for space occupying locating holes to be 

formed in the flexible circuit. 

Figures 4 and 5 show a second embodiment of the invention which, like the 
20 embodiment of Figures 1-3, is designed for interconnecting conductors 14 of a first flat 
flexible circuit 16 with conductors 18 of a second flat flexible cable 20. The flexible circuits 
are interconnected through an adapter 36 which is identical to the adapter shown in Figures 
1-3, except that the window 46 has been removed. The principal difference between the 
second embodiment of Figures 4 and 5 and the first embodiment of Figures 1-3, is that the 
25 one-piece male body member 24 of the first embodiment has been replaced with a two-part, 
spring-loaded male body member, generally designated 56. Like reference numerals have 
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been applied in Figures 4 and 5 to designate like components described above and shown in 
Figures 1-3. 

In particularly, male body member 56 includes relatively rigid, thin flat 
forward and rearward body parts 58 and 60, respectively. It should be noted that forward 
5 body part 58 is shown upside-down in Figure 4 in order to facilitate the illustration. In 
assembly, the forward body part will be turned over 180'' in the direction of arrow "D" and 
assembled to rearward body part 60 in the direction of arrow "E". The forward body part 
has an edge 22 to which a yieldable backing structure or resilient strip 26 is adhered, as in 
the first embodiment. The forward body part has a pair of ribs 62 defining a groove 64 
-J 10 therebetween. The ribs move into a pair of grooves 64 on rearward body part 60, grooves 
%j 64 being separated by a projection 66. A spring 68 is disposed within groove 64 of the 

I £ I 

;^ forward body part and is sandwiched between the base of groove 64 and the distal end of 

^ projection 66 of the rearward body part. A pair of latches 70 are provided at opposite sides 

U of the rear body part. The forward body part includes a pair of latch apertures 72 for 

iii 

12 15 receiving a pair of latch bosses 74 on the rear body part. 

Figure 5 shows the two-part male body member 56 in assembled condition 

y 

Q with flexible circuit 16 wrapped about the edge of forward body part 58 with conductors 14 

facing away from the body member at edge 22. As with the first embodiment, this 
subassembly is inserted into adapter 36 in the direction of arrow "A" until latches 70 latch 

20 behind front flange 38 of the adapter within side windows 42. Latches 72 and 74 of the two 
parts of the male body member interengage, whereby forward body part 58 can move 
relative to rearward body part 60 in the direction of double-headed arrow "F". Second 
flexible circuit 20 has been inserted into the back side of adapter 32 and conductors 18 of 
the second flexible circuit will engage beneath window 44 at the edges of forward body part 

25 58 of male body member 56 and male body member 32 (Fig. 4) of the second flexible 
circuit. 
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Figures 6-8 show a third embodiment of the invention wherein conductors 14 
of first flat flexible circuit 16 are interconnected with conductors 76 of a printed circuit 
board 78. Two-part male body member 56 and adapter 36 are substantially identical to the 
second embodiment of Figures 4 and 5, and the descriptions thereof will not be repeated. 
Suffice it to say, like numerals have been apphed in Figures 6 and 7 corresponding to like 
components described above and shown in Figures 4 and 5. 

In the embodiment of Figures 6-8, the subassembly of male body member 56 
and flexible circuit 16 again are inserted into receptacle 48 in adapter 36 in the direction of 
arrow "A". Printed circuit board 78 is inserted into window 44 in the direction of arrow "G" 
so that conductors 76 face towards conductors 14 of flexible circuit 16. In this embodiment, 
window 44 becomes a second receptacle for the adapter for receiving the printed circuit' 
board. Instead of the adapter being open at the back side thereof, an abutment wall 80 is 
provided to provide support behind the printed circuit board. Receptacle 44 can be 
dimensioned relative to the printed circuit board to establish a press-fit to hold the printed 
circuit board in the adapter as seen in Figure 8. 

Figures 9 and 10 show a fourth embodiment wherein conductors 14 of flat 
flexible cable 16 are interconnected with the conductors of a plurality of discrete electrical 
wires 82. In this embodiment, a relatively rigid male body member 24 and an adapter 36 are 
used substantially identical to the first embodiment of Figures 1-3. Like the first 
embodimem, an undulated spring 48 is disposed within window 46 and supported by a pair 
of cover plates 50. The spring engages a tail aligner 84 to bias the tail aligner and electrical 
wires 82 forward in the direction of arrow "H". 

It should be noted that electrical wires 82 are shown assembled to tail aligner 
84 in Figure 9. This is not the actual sequence of assembly. As seen in Figure 10, electrical 
wires 82 actually are disposed on top of top cover plate 50. In actual assembly, tail aligner 
84 is first mounted within the adapter, the ends of electrical wires 82 are stripped of their 
insulation to expose the conductors thereof, and the conductors are inserted and crimped to 

10 


Patent 
Al-051 US 


metal terminals (or other means of mechanical or electrical connection) by a press-fit into 
properly spaced holes in the tail aligner for alignment and engagement with conductors 14 
of flat flexible circuit 16. 

It will be understood that the invention may be embodied in other specific 
forms without departing from the spirit or central characteristics thereof. The present 
examples and embodiments, therefore, are to be considered in all respects as illustrative and 
not restrictive, and the invention is not to be limited to the details given herein. 
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